The Galactic plane scanning survey is one of the main scientific objectives of the Hard X-ray Modulation Telescope (known as Insight-HXMT ). During the two-year operation of Insight-HXMT, more than 1000 scanning observations have been performed and the whole Galactic plane (0 • < l < 360 • , −10 • < b < 10 • ) has been covered completely. We summarize the Galactic plane scanning survey of Insight-HXMT for two years, including the characteristics of the scanning data, the data analysis process and the preliminary results of the Low-Energy telescope, the Medium-Energy telescope and the High-Energy telescope. With the light curve PSF fitting method, the fluxes of the known sources in the scanned area as well as the flux errors are obtained for each scanning observation. From the relationships of SNRs and fluxes, the 5σ sensitivities of three telescopes of Insight-HXMT are estimated as ∼ 7.6 × 10 −11 erg cm −2 s −1 (3 mCrab, 1 − 6 keV), ∼ 4.0 × 10 −10 erg cm −2 s −1 (20 mCrab, 7 − 40 keV) and ∼ 2.6 × 10 −10 erg cm −2 s −1 (18 mCrab, 25 − 100 keV) for an individual scanning observation of 2 − 3 hours, respectively. Up to September 2019, more than 800 X-ray sources with various types are monitored by the three telescopes and their long-term light curves with three energy bands are obtained to make further scientific analyses.
INTRODUCTION
The Hard X-ray Modulation Telescope (Insight-HXMT ) is China's first space astronomical satellite launched on June 15th, 2017. The Galactic plane scanning survey is one of the main scientific objectives of Insight-HXMT to search for new transients and monitor the known variable sources in a wide X-ray energy band. From the previous surveys by other X-ray telescopes, e.g., ROSAT, INTEGRAL and Swift, most of the hard X-ray radiation objects in the Galactic plane are variable sources, and mainly X-ray binaries (Baumgartner et al. 2013; Bird et al. 2016 ). Thanks to the design of its large effective area and narrow field of view in X-ray band, Insight-HXMT has advantages in the weak and variable source survey.
There are three main payloads onboard Insight-HXMT, i.e. the Low-Energy X-ray telescope (LE, 0.7−13 keV), the Medium-Energy X-ray telescope (ME, 5 − 40 keV) and the High-Energy X-ray telescope (HE, 20 − 250 keV) . LE is composed of three detector boxes, and each includes 8 detector modules (Chen et al. 2020) . ME is composed of three detector boxes with the Si-PIN detector arrays (Cao et al. 2020) . HE consists of 18 NaI(Tl)/CsI(Na) phoswich detectors (Liu et al. 2020) . All the instruments are collimated telescopes and mainly composed of the detectors with three small filed of views (FOVs) differing by 60 • . There are one box of LE, one box of ME and five detectors of HE in each small FOV. In addition, the large FOV detectors also operate as supplements ( Figure 1 ). Thanks to the relatively narrow FOV, the small FOV detectors can obtain more accurate source fluxes and positions than the large FOV detectors in the scanning observations. We only use the small FOV detectors in the Galactic plane scanning survey.
The main objectives of the Insight-HXMT Galactic plane scanning survey are:
1. Monitoring the known sources in the Galactic plane.
2. Searching for new X-ray transients. 3. Studying the activity mechanism of the compact objects and exploring the distribution and formation in the Galaxy.
In the Galactic plane scanning survey of Insight-HXMT, the whole Galactic plane (0 • < l < 360 • , −10 • < b < 10 • ) is divided into several areas of the same radius. In order to cover the whole Galactic plane completely without gaps, there is an overlap between the adjacent areas. Due to the limit of the solar angle (A s > 70 • ), the visible time of each area is about half a year. For every scanned area, the progressive scanning mode ( Figure 2 ) is used to perform the scanning observation. There are three scanning speeds (v = 0 • .01 s −1 , 0 • .03 s −1 , 0 • .06 s −1 ) and 10 scanning intervals (d = 0 • .1, 0 • .2 to 1 • ) that can be used in scanning observations. The duration of an individual scanning observation is generally 2 − 3 hours, which depends on the scanning parameters. For a scanning observation with R = 10 • , v = 0 • .06 s −1 , and d = 0 • .8, the duration is ∼ 3.3 hours.
In this paper, we summarize the two-year Galactic plane scanning survey of Insight-HXMT as follows. In Section 2, we present the details of data reduction. The light curve fitting is described in Section 3. The preliminary results and conclusion are given in Sections 4 and 5, respectively.
DATA REDUCTION

Preliminary reduction and basic parameter selection
The Insight-HXMT data analysis software HXMT-DAS v2.0 (HXMT User Analysis Software Group 2019) is used to do the preliminary data reduction. The process is the steps 1 − 6 shown in the flow chart ( Figure  3 ). The Statistics-sensitive Non-linear Iterative Peakclipping (SNIP) method (Ryan et al. 1988 ) is used to do the background subtraction for LE since the background intensity is lower. The backgrounds of HE and ME are modulated by geomagnetic field significantly (Li et al. 2009; Xie et al. 2015) and can be fitted by a polynomial. The net light curves obtained after step 8 or 9 are used to monitor the known sources and search new Xray transients. The event files, temperature files, voltage files and EHK (Extended housekeeping) files are used to produce the light curves with the standard process of HXMTDAS. The basic parameters used by HXMTDAS in the Galactic plane scanning survey can be divided into two parts. One is for the energy band selection of a light curve (Table 1) , and another is for the good time interval (GTI) selection (Table 2) . Figure 3 . A complete analysis process of the scan data. The artificial selection in step 9 is only need in some LE data reduction as sometimes the LE data is very complicated. The earth elevations (ELV) are selected as 7 • , 5 • and 6 • for LE, ME and HE, respectively, to avoid the earth occultation of the scan area. The detectors will be saturated as a large number of optical photons enter the collimator, if the angle between the FOV and the bright earth (DYE ELV) is too small. Thus we choose DYE ELV = 10 • , 5 • , and 6 • for LE, ME and HE, respectively. To avoid the irradiation damage of the LE detectors, DYE ELV for LE is adjusted to 20 • from September, 2019.
The flux of the charged particles is very high in the South Atlantic Anomaly (SAA) due to the low strength of the magnetic field (Zombeck 2006 ) that results in the high background level. LE, ME and HE of Insight-HXMT are shutdown for protection when the satellite passes through SAA. As the backgrounds are usually unstable for LE and ME near SAA, the time since the last passage from SAA (T SAA) and the time to the next SAA passage (TN SAA) are generally selected to be 100 s & 100 s for LE and 100 s & 200 s for ME in order to avoid the influence of SAA. The HE background level is high but stable near SAA, thus T SAA and TN SAA can be ignored for the HE GTI selection.
The geomagnetic cut-off rigidity (COR) is inversely related to the particle flux, as well as the background levels of the three telescopes. The energy range of LE is chosen between 1 − 6 keV, where the particle background is not dominant. For ME, the background is very sensitive to the particle flux. Thus the COR = 3 GV and 8 GV are chosen in GTI selection of LE and ME, respectively. The HE background level is high for low COR; however, the high level background cannot affect the data analysis, as the background is stable. Thus the COR is not considered in the HE GTI selection.
In addition, the count rate of the forced trigger event is used in the LE GTI selection and the latitude (SAT LAT) and longitude (SAT LON) of the satellite in geographical coordinate system are used in the ME GTI selection, where SAT LAT is from −36 • .5 to 36 • .5, but excluding the rectangular area with 31 • < SAT LAT < 38 • and 228 • < SAT LON < 245 • . All the parameters in Table 2 are selected by the onground simulation and in-orbit observation after the Insight-HXMT launch. In the selected energy bands (the last column of Table 1 ), there is no noise peak or other instrumental anomaly in the spectra of almost all detectors. Figure 4 is an example of ME GTI preliminary selection with the main GTI parameters. The HE data can be reduced directly only with the criteria in Table 2 , but the data of LE and ME must be further extracted.
Special Filter of LE Data
During a scanning observation, both the scanned sources and the particle events can leave peaks (bumps) in the light curves; however, the two types of peaks are Figure 4 . An example of the ME preliminary reduction with the ELV, DYE ELV and COR. The parameter color satisfy the ME criteria in Table 2 are shown with yellow. The preliminary GTI satisfying all the ME criteria simultaneously is marked with shadows.
very different. On one hand, the profiles of the particle peaks in the light curves with the three FOVs are very similar with no delay. On the other hand, the peaks caused by a scanned source are very different between the light curves with the three FOVs that because the times of a source passing in and out the FOVs are different, as well as the detection efficiencies when the source crosses the FOVs. Therefore, according to the simultaneity and similarity between the light curves with different FOVs, we can identify a peak caused by a particle event or by a scanned source. We found that the characteristic of the light curve caused by particle events in the high energy band is similar with that in the low energy band, which is consistent with the characteristics of the LE particle backgrounds . Figure 5 shows the scanning light curves with the three FOVs in 1 − 6 keV and 8.6 − 10.3 keV, respectively. There is no peak caused by the scanned sources in the light curves in 8.6 − 10.3 keV due to the fewer source photons and the lower effective area in this energy band. The small and big bumps in the two energy bands are very similar that means they are both caused by particle events. Because the background caused by particle events is high and difficult to be estimated accurately, the part of the light curve affected by the particle events is removed from the LE GTI. Figure 5 . LE light curves affected by particle events. The blue and green lines are the light curves in 1 − 6 keV and 8.6 − 10.3 keV, respectively. The red lines are the smoothed green lines. The green bumps on the right end are caused by particle events and need to be removed.
In addition to the high background caused by particle events, there are also some special features in the scanning light curves. Figure 6 shows the LE light curves with the normal scanning and data downloading mode and there is a count rate plateau in the right half of each panel. When the data downloading is performed, the observation continues but the scanning is suspended as the satellite stops rocking. Therefore, it is equivalent to a pointing observation at this time. As shown in Figure 6 , the background during the data downloading is hard to be estimated accurately, thus the time interval for the satellite data downloading is also removed in the LE GTI selection. It is worth noting that the data downloading can also have a similar impact on ME and HE, thus the time intervals for the satellite data downloading are also removed in the ME and HE GTI selections.
Special Filter of ME Data
ME is very sensitive to space environment. During the scanning observations, some complicated background noises can appear in the light curves. The criteria of the ME GTI selection are stricter than these of LE and HE; however, it is still insufficient for some special cases shown as follows, 1. Particle event: similar to that in LE.
2. Satellite data download: similar to that in LE.
3. In and out of SAA: the ME background is high and unstable near SAA, even lasting for > 600 s after the passage from SAA.
4. Unexpected sudden rise of the background in a single detector box.
Both the anomalous peaks of the cases 1 and 2 can be processed in the same way as LE (Section 2.2); however, the anomalous peaks of the cases 3 and 4 often appear in the light curves with only one ME FOV, and it is difficult to distinguish whether these peaks are caused by particle events or scanned sources. The light curves without removing the unidentified peaks can be fitted directly, and the peaks may be fitted as new transient candidates. If the fitting result is consistent with these in LE and HE, the peaks caused by the scanned new transients and the candidates can also be confirmed, otherwise the peaks will be considered as anomalous peaks.
The most special feature of the ME data reduction is the pixel filter that will be described in the next subsection. Before the ME pixel filter, the clean background light curves without any peaks have to be obtained (see Section 2.4 for details). As shown in the top panel of Figure 7 , there are a lot of peaks in a ME scanning light curve after the preliminary data reduction. Most of the peaks are caused by the scanned sources; however, there are still some anomalous peaks in the light curve. Unlike the particle events of LE, the anomalous peak only appears in the light curve with one ME FOV. All the peaks including the source peaks and anomalous peaks are removed to obtain the net background net light curves, which can be used in ME pixel filter (the bottom panel of Figure 7 ). 
ME pixel filter
With the 141 pointing observations of the blank sky regions before January, 2019, the long-term light curves of every ME pixel in 5 − 40 keV are produced and then fitted with the empirical functions. Most of the fitting functions are the second-order polynomials, and some are third-order polynomials and piecewise functions. The fitting of the long-term hardness ratio (7 − 9 keV/9 − 11 keV) are also performed and the fitting results are obtained as an auxiliary reference. Figure 8 shows an example of the long-term light curve and hardness ratio fitting of a ME pixel. The data is fitted with a second-order polynomial and the standard deviation σ of the fitting residuals is obtained. According to the fitting results of all pixels and the known bad pixels catalog, all the ME pixels are classified into seven groups. The detailed classification criteria and the results are shown in Table 3 . Table 3 , the number of available pixels (top four groups) is more than 1300 on average. We thus use the data from the pixels with small FOVs in the top four group of Table 3. As described above, the ME pixels vary both in the detection efficiency and background. Therefore, the pixel filter must be performed in the data reduction of each scanning observation. The average count rate of the background R is obtained from the light curve without the cataloged source signal. As shown in Figure 8 , the dashed lines above and below the model line are the 3σ range that is considered as the background's effective range of the pixel in the normal state. If R is within the background's effective range, the pixel is considered as a regular pixel in this scanning observation.
As shown in
The ME pixel filter method works well in the scanning observations of Insight-HXMT. Generally, the number of bad pixels is about 420 − 480, and thus more than 1000 pixels with the small FOVs can be used in the scanning observations. (1 − abs(tan(α)) tan(α0) )(1 − abs(tan(β)) tan(β0) ) tan 2 (α) + tan 2 (β) + 1 ,
where α and β are the orientation angles of sources relative to the major axis and minor axis of the telescopes respectively, α 0 and β 0 are the sizes of long side and short side of FOV (FWHM) (Figure 9) , C is the normalized flux as the source at the center of the FOV. All the collimators of the three telescopes have rectangular FOVs (Figure 1) with different sizes of FOV and orientations, and can be described by the geometric PSF model as equation 1. The in-orbit calibration of the geometrical PSF with rotation correction and parabolic correction are performed by Nang et al. (2020) , and the light curve fitting is done with the calibrated PSF in order to obtain more accurate analysis results. 
Source catalog
The source catalog is a combination of Swift, INTE-GRAL and MAXI catalogs from their websites. If some sources are close to each other, their peaks on the light curve will overlap. This can result in the highly uncertain source fluxes in light curve fitting, which are difficult to be distinguished by the scanning observations of Insight-HXMT. For the scanning observations to the Galactic center, there are many sources in a scanned area. The sources within 0 • .3 are merged as one source in the joint-fitting of the light curve of LE. Due to the low source flux of ME and the high background intensity of HE, the degeneracy of the adjacent sources are more serious in ME and HE than that in LE, and the merge ranges are 0 • .6 for both ME and HE. Finally, the source number in the catalogs of LE, ME, and HE are 2879, 2288 and 2288, respectively. 
Light curve fitting
For each telescope, the light curves with the three FOVs are obtained and then fitted jointly. With the source catalog of each telescope, the degeneracy of the adjacent sources is avoided. The analysis process of the scanning light curve can be divided into the following five steps: Figure 10 . Analysis process of the scanning light curve.
1. Make the classification to the known sources according to Signal to Noise Ratio (SNR).
Each source in the scanned area is fitted separately to obtain an approximate SNR. All the sources with SNR > 2 are classified as strong sources and that with SNR < 2 are classified as weak sources.
2. Fit the light curve only with the strong sources.
All the strong sources selected in step 1 are fitted simultaneous with fixed positions and free fluxes.
3. Fit the residuals of step 2 with a hypothetical source.
A hypothetical source is used to check whether there is an unknown source not in the source catalog. In this fitting, both the position and flux are free parameters. We search for the unknown source throughout the entire scanning area. In order to avoid dropping into a local optimal solution, we perform multiple fittings with different initial positions along the scanning trace. The parameters with the smallest χ 2 are regarded as the final result.
4. Make the judgment of the hypothetical source.
If the SNR is more than 5, the hypothetical source will be considered as a new transient candidate that need to be identified further to reduce the probability of false alarms.
5. Fit the residuals of step 3 with the weak source selected in step 1.
Each weak source is fitted separately with the position fixed to that in the catalog and the flux as a free parameter.
For a scanning observation of Insight-HXMT, the fluxes of the strong sources can be obtained by the above steps. If a new X-ray transient appears in the scanned area, the position and flux can also be obtained. Figure  11−13 are examples of the scanning light curve fitting of all three telescopes. If the signal of a new transient candidate with low significance (i.e., SNR < 5) appears in the same sky area multiple times, we will consider it as a candidate and will take further identification such as Insight-HXMT deep scanning observation and possibly also ToO observation with Swift/XRT for imaging verification.
RESULT
Insight-HXMT has performed more than 1000 scanning observations covering the whole Galactic plane up to September 2019. From the exposure sky map shown in Figure 14 , it can be seen the scanning observations are performed more on the Galactic center in the Galactic plane scanning survey.
By now, the whole Galactic plane has been covered completely. As described in Section 1, there are several scanning parameter groups that can be used in scanning observations. Before the end of April, 2019, the whole Galactic plane is divided into 22 areas with radius R = 10 • . As the scanning mode shown in Figure 2 , the scanning observation is performed with v = 0 • .06 s −1 and d = 0 • .1. We find that the GTI of LE is usually less than 3 ks and sometimes fragmented. In order to increase the probability of discovering new and weak sources appearing in the scanned region, the whole Galactic plane is redivided into 50 areas with R = 7 • and the scanning interval is adjusted to d = 0 • .4 after the end of April, 2019. With the new scanning parameters, the LE telescope can scan one regions as many times as possible within a continuous GTI.
More than 800 known X-ray sources with various types are monitored by LE, ME and HE, respectively, and the long-term light curves with different energy ranges are obtained to do further scientific analysis. Since the spectral characteristic varies over time, the long-term light curves of the sources of the three telescopes are different with each other. Swift J0243.6+6124 is an X-ray binary consisting of a neutron star and a Be star, and it had a strong outburst during 2017 to 2018 (Kouroubatzakis et al. 2017; Zhang et al. 2019) . Insight-HXMT monitored the entire outburst completely and the longterm light curve in three energy ranges are shown in Figure 15 (a). In addition to Swift 0243+6124, the longterm light curve of Vela X-1 (HMXB/NS), GX 349+2 (LMXB/NS), Cyg X-1 (HMXB/BH) are also shown in Figure 15 From Nang et al. (2020) , the systematic errors in flux estimation are 1.8%, 1.6% and 2.7% for LE, ME and HE (Table 4) , which may be caused by various factors, such as the small uncertainty of the Energy-Channel relation and the weak long-term evolution of the PSF. As the spectral characteristic of the Crab is generally stable, the long-term light curves of the Crab can be used to obtain the systematic errors of the estimated flux of the scanning observations. But it is worth noting that this systematic error should be a conservative estimate due to the possible fluctuations of Crab. Figure 16 shows the relationships of the SNRs and fluxes of the three telescopes. It can be seen that the highest values of the SNRs are correlated with the source fluxes for all the three telescopes. Due to the various scan tracks, the exposure times of the scanned sources in the scanning observations are different, thus the SNRs of the scanned sources with the same fluxes can also be very different. From another point of view, there is also a flux range with a fixed SNR, and the lower limit of the flux range with SNR = 5 can be considered as a rough estimation of the sensitivity at the 5σ level. As shown in Figure 16 , the 5σ sensitivities for an individual scanning observation can be estimated as ∼ 3 mCrab, ∼ 20 mCrab and ∼ 18 mCrab for LE, ME and HE, respectively. With the Crab spectral parameters in Madsen et al. (2017) , these 5σ sensitivities correspond to ∼ 7.6×10 −11 erg cm −2 s −1 (1 − 6 keV), ∼ 4.0 × 10 −10 erg cm −2 s −1 (7 − 40 keV), ∼ 2.6 × 10 −10 erg cm −2 s −1 (25 − 100 keV) for LE, ME and HE, respectively.
Among the data that has been processed, the number of the strong sources (average SNR > 3) / weak sources (average SNR < 3) are 840/1231, 410/1158, and 246/985 for LE, ME and HE, respectively. The positions of the sources monitored by LE, ME and HE are shown in Figure 17 . It worth noting that the sources out of the Galactic plane are also monitored as Insight-HXMT is in slew phase (attitude adjustment) before/after the scanning observation.
CONCLUSIONS
The Galactic plane scanning survey is one of the most important tasks of Insight-HXMT. During the two-year operation in orbit of Insight-HXMT, more than 1000 scanning observations have been performed to monitor the known sources and to search for new X-ray transients. A complete process has been developed to analysis the scanning data that mainly contains the data reduction and the PSF fitting. In addition to the standard data reduction of Insight-HXMT, several essential operations are added to obtain more reliable data of the scanning observations, such as the removing of particle events for LE and ME in GTI selection, as well as the dynamic good pixel selection for ME scanning data. The fluxes and locations of the sources in a scanned region can be obtained by fitting the light curves with the PSF model that needs to be calibrated continuously. Up to September 2019, we have monitored more than 800 known sources and obtained their long-term light curves. Several new X-ray source candidates are also discovered, some of which can be the X-ray transients with very short time scale, which need to be further confirmed and thus not reported here.
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